Background: Misappraisals in evaluating the trustworthiness of others may be one mechanism contributing to the interpersonal difficulties individuals with posttraumatic stress disorder (PTSD) face. Objective: This study used a translational experimental design to examine the behavioural and neural correlates underlying the appraisal of facial stimuli morphed on dimensions of trustworthiness across three groups: individuals with high posttraumatic stress symptoms (HPTS), low posttraumatic stress symptoms (LPTS), and healthy controls (HC). Methods: Participants (N = 70) rated how trustworthy to untrustworthy they perceived three facial morphs (trustworthy, neutral, and untrustworthy) while undergoing electroencephalography (EEG). Results: Behavioural results showed that the HPTS group rated the untrustworthy morph as more untrustworthy than the HC group (β = 0.20, SE = .07, 95% CI [0.06, 0.33], z = 2.88, p = .004). The HPTS group also showed no variation in response time across morphs (X 2 (2) = 0.92, p = 0.63), while the LPTS and HC groups did (X 2 (2) = 9.60, p = .008; X 2 (2) = 23.62, p < .001). EEG data revealed significant group by morph interactions at the N170 latency and the Vertex Positive Potential (VPP): the HPTS and LPTS identified the untrustworthy morph faster than the HCs, but diverged to the degree to which they encoded each facial morph. Conclusions: Taken together our results suggest that HPTS individuals demonstrate an early attentional avoidance of faces morphed on dimensions of trustworthiness. This early, preconscious, avoidance may be one mechanism contributing to the miscalculations individuals with PTSD make in interpersonal situations.
• Individuals with higher PTSD symptoms appraise untrustworthy faces as more untrustworthy than participants with lower PTSD symptoms and healthy controls.
• Neural data suggests that participants with higher PTSD symptoms encode trustworthy and untrustworthy faces into early preconscious memory less than participants with lower PTSD symptoms.
• Overall, those with higher PTSD symptoms appear to exhibit an attentional avoidance of trustworthy and untrustworthy faces, which leads to misappraisals in the assessment of trustworthiness.
Social support is one of the largest buffers to developing PTSD after traumatic exposure (Dworkin, Ullman, Stappenbeck, Brill, & Kaysen, 2018; Meis et al., 2019; Ozer, Best, Lipsey, & Weiss, 2003) . It reduces PTSD symptoms on a daily basis (Dworkin et al., 2018) and facilitates the formation of therapeutic alliances, which further promote recovery from PTSD (Keller, Zoellner, & Feeny, 2010) . However, developing social bonds is strikingly difficult for an individual with PTSD. PTSD is marked by difficulties in interpersonal functioning (e.g. Campbell & Renshaw, 2018; Cloitre, Miranda, Stovall-McClough, & Han, 2005; Maercker & Horn, 2013; Stevens & Jovanovic, 2018 ) that lead to the long-term erosion of social support (King, Taft, King, Hammond, & Stone, 2006) , loneliness, and isolation, further diminishing quality of life (Holt-Lunstad, Smith, Baker, Harris, & Stephenson, 2015) . Moreover, the cardinal symptoms of PTSD -re-experiencing, numbing, and hyperarousal -place a significant burden on the ability to engage socially with others. The PTSD sufferer may withdraw and avoid others in their attempts to manage the distress and disturbance such symptoms yield. Thus, while relationships can enhance PTSD prognosis, they are difficult for an individual with PTSD to develop and maintain. This paradox calls for necessary intervention, first attained by understanding how individuals with PTSD perceive their social environments. This study assesses one social cognitive factor implicated in relationship formation -the appraisal of trustworthinessthrough an experimental laboratory study with electroencephalography (EEG) among participants with dimensional levels of PTSD symptoms: high posttraumatic stress symptoms (HPTS), low posttraumatic stress symptoms (LPTS), and healthy controls with no trauma exposure (HC).
Social cognitive and information processing theories (e.g. Frith, 2008; Stevens & Jovanovic, 2018) identify the appraisal of trust as an early attentional process that has downstream effects on behaviour. Three sequential components have been delineated: subjective, antecedent and behavioural. First, individuals assess (a) subjective trust, the appraisal of facial features which may indicate trustworthiness. This is followed by (b) antecedent trust, the psychological factors about the individual which imply trustworthiness, which then leads to (c) behavioural trust, where the perceiver engages in actions that denote feelings of trust in the other (Bellucci, Chernyak, Goodyear, Eickhoff, & Krueger, 2017; Suzuki, Misaki, Krueger, & Bodurka, 2015) . In PTSD, this may present as an individual meeting a stranger at a party and inaccurately appraising their smile or gaze as trustworthy (subjective trust), learning about the personality of the stranger -for instance that he or she engages in risky behaviours -and still continuing to appraise the stranger as trustworthy (antecedent trust), followed by acting upon this formulated appraisal of trustworthiness by choosing to share something about themselves with this stranger (behavioural trust). To date, within trauma and PTSD literatures, behavioural trust has been the primary focus of one research group. Across a number of studies employing economic trust games and model-based fMRI, evidence has suggested that adolescent girls with histories of assault-related trauma are more likely to anticipate negative outcomes, become more desensitized to negative social outcomes, show difficulty discriminating between positive and negative social cues, and fail to assimilate new social information into their decision making (Cisler et al., 2015; Lenow, Cisler, & Bush, 2018; Lenow, Scott Steele, Smitherman, Kilts, & Cisler, 2014) . Moreover, a follow-up analysis showed that these adolescents were more likely to misidentify the most trustworthy face in a trust game relative to controls (Lenow et al., 2018) , alluding to deficits in subjective trust, although this was not the main aim of the authors' investigation.
The present investigation adds to this literature by specifically examining differences at the level of subjective trust. One advantageous way to elucidate brain-behavioural mechanisms underlying differences in the assessment of faces is to adopt a social cognitive affective neuroscience (SCAN) framework that combines behavioural laboratory tasks with EEG recordings (Lanius, Bluhm, & Frewen, 2011) . EEG can capture early nonconscious cognitive, attentional, and perceptual processes when participants appraise faces (Read & Innis, 2017) .
Recordings can elucidate what neural mechanisms precede behaviour, and how neural activation changes over time when appraising a face. Of extant SCAN studies, most have focused on assessing the neural processing of angry, threatening, or neutral faces. Such studies have identified mixed findings in the positive amplitudes of P50, P200, and P300 event-related potentials (ERPs; for a review see, Karl, Malta, & Maercker, 2006; Lobo et al., 2015) , a family of ERPs associated with arousal and the filtering of relevant and irrelevant auditory and visual stimuli in the environment (Karl et al., 2006) . Solely one study, to date, has examined the appraisal of trustworthy facial stimuli (i.e. subjective trust) among individuals with PTSD using a SCANbased framework, albeit without EEG recording. Fertuck et al. (2016) examined how facial stimuli morphed on dimensions of trustworthiness were perceived by individuals with PTSD, traumaexposed healthy controls, and healthy controls with no trauma exposure. Contrary to the authors' hypotheses and Lenow et al.'s (2018) findings, individuals with PTSD rated faces as more trustworthy than trauma-exposed healthy controls, identifying misappraisals of subjective trust. The authors posited that such a bias may be a mechanism underlying the high rates of revictimization found among individuals with PTSD (Messman-Moore, Walsh, & DiLillo, 2010) , where higher appraisals of trustworthiness may lead to entry into precarious situations or relationships.
Although there is limited evidence on ERPs associated with trustworthy appraisals among trauma-exposed participants, other ERP literature on trustworthy and happy facial stimuli has shown three components--the N170, the vertex positive potential (VPP), and the negative slow wave (NSW)--to respectively represent early, middle, and late components in the appraisal of trustworthiness. Specifically, the N170 has been associated with the early detection and encoding of the emotional valence of faces (Bentin, Allison, Puce, Perez, & McCarthy, 1996) , where more negative amplitudes suggest faster, automatic processing (Chu, Bryant, Gatt, & Harris, 2016; Dzhelyova, Perrett, & Jentzsch, 2012; Felmingham, Bryant, & Gordon, 2003) . The VPP, a related positive, middle ERP component at 200 milliseconds (ms), has also been associated with facial encoding (Klimova, Bryant, Williams, & Louise Felmingham, 2013; MacNamara, Post, Kennedy, Rabinak, & Phan, 2013) , and literature has suggested that the N170 and VPP are related components that originate in the occipito-temporal cortex (Joyce & Rossion, 2005) . Lastly, the NSW is a novel ERP from 800-1000 ms over frontocentral EEG sites, where positive amplitudes have been associated with negative images (Tso, Chiu, King-Casas, & Deldin, 2011) and negative amplitudes have been associated with trustworthy faces (Jessen & Grossmann, 2019) , suggesting novelty detection. By examining these three components, we aimed to characterize differences in the early, middle, and late appraisal of subjective trust among indiviudals with trauma exposure and posttraumatic stress symptoms.
This study aimed to understand how individuals with dimensional levels of traumatic stress symptoms perceived facial stimuli morphed on dimensions of trustworthiness while undergoing EEG acquisition in order to elucidate the brain-behavioural mechanisms mediating the social cognitive appraisal of trustworthiness. A dimensional sample was chosen in order to probe the differences between traumaexposed individuals who developed full PTSD by the time of study assessment and those who have coped in such a way that prevent such diagnostic progression, and thus present with milder symptoms of PTSD at the time of the study. Our first aim was to test the differences in the subjective appraisal (i.e. ratings) and reaction times to facial stimuli morphed on dimensions of trustworthiness across three groups of participants: high posttraumatic stress symptoms (HPTS), low posttraumatic stress symptoms (LPTS), and healthy controls (HC). We hypothesized that the HPTS group would rate all faces as more trustworthy than the LPTS group and that there would be no group differences in reaction time (cf. Fertuck et al., 2016) . Our second aim was to test the group by facial stimuli morph interaction at the N170, VPP, and NSW. We hypothesized that the HPTS group would show a smaller N170 amplitude in comparison to the LPTS and HC groups across all morphs, suggesting poorer facial detection (Chu et al., 2016; Dzhelyova et al., 2012) ; a smaller amplitude for morphs at the extremes (i.e. untrustworthy and trustworthy morphs) at the VPP, suggesting poorer facial encoding (MacNamara et al., 2013) ; and show the most negative NSW in comparison to the LPTS and HC groups for the most trustworthy morph, suggesting novelty detection (Jessen & Grossmann, 2019) . Through these aims, this study will delineate the differences in social appraisal of trustworthiness among trauma-exposed groups.
Method
Full experiment procedures consisted of an eligibility screening (online or by phone), an online survey, and the laboratory behavioural task with EEG recording.
Participants
Participants were recruited from May 2016 to November 2017 through online and paper flyers posted on The City College of New York's SONAsystem and community-based sites (i.e. Craigslist and flyers at Columbia University). Recruitment procedures were tailored for each recruitment site. For the SONA-system, students signed up for a phone screening with a research assistant assessing for general eligibility criteria, which included participants being: (1) between the ages of 18-35; (2) fluent in English; (3) physically healthy to permit sitting at a computer; and (4) self-reporting normal or corrected vision. General exclusion criteria for all participants included: (1) selfreported history or diagnosis of severe and persistent mental illness (e.g. schizophrenia, psychosis); (2) selfreported use of psychotropic medications; (3) past or current self-reported diagnosis of a neurological syndrome (i.e. seizure disorder, brain trauma, and/or tumour disorders); and (4) hairstyles (i.e. braids, weaves, dreadlocks, etc.) that would obstruct EEG recordings of brainwave activity.
Exclusion of participants with hairstyles that interfered with EEG recording is an unfortunate limitation of this study. Our EEG equipment consisted of a BioSemi Active-Two recording system in a 160-electrode montage cap; such a system requires contact between electrodes and a participant's head scalp in order to have the conduction to obtain an EEG recording. There are some hairstyles that obstruct the connection between our electrode cap and scalp, thereby preventing electrodes the ability to capture EEG waves. For this reason, if participants reported having hairstyles that would interfere with EEG recordings, they were given the option to complete the study without EEG or reschedule at a later date if they planned on changing their hair. Some participants returned with different hairstyles, and thus we completed EEG, but some, naturally, did not as well. While we were still able to maintain a racially and ethnically diverse sample of participants (see, Results), this remains a significant limitation of our study and these methods that should be considered in the interpretation and generalizability of results.
Two types of flyers were posted for communitybased sites, those that recruited individuals with 'trauma exposure' and those that recruited individuals who were 'healthy adults.' Interested participants contacted the study's email account, where they received a survey to assess screening. The survey asked general eligibility questions (identical to those that SONAstudents received) in addition to specific eligibility criteria respective to each type of flyer. For both groups, eligible participants were automatically forwarded to the first part of the study, an online survey. Ineligible participants across all recruitment platforms were thanked for their time. All procedures were approved by the Institutional Review Boards at the City College of New York and Adelphi University.
A total of 252 participants met eligibility criteria and completed the online survey. Of those participants, 111 completed the experimental task. Removal of incomplete data and administration of an incorrect behavioural task (n = 10), as well as participants who completed the behavioural task without EEG acquisition (n = 31), yielded a total of N = 70 participants who completed the survey and experimental task with EEG acquisition. Participants from the City College of New York received $40 and two study credits for completion of the entire study. Participants from the community received $50 for completion of the entire study.
Study groups
Participants were categorized into three groups based on their answers to two questionnaires, the Life Events Checklist (LEC-5; Weathers, Blake, et al., 2013) and the PTSD Checklist-5 (PCL-5; Weathers, Litz, et al., 2013 ) (see, Measures). The HPTS group included individuals who endorsed exposure to at least one traumatic event on the LEC-5 and selfreported a sum total of PTSD symptoms greater than 32 on the PCL-5, a value denoted in the psychometric literature as a cut-off for PTSD (Weathers, Litz, et al., 2013) . The LPTS group included individuals who endorsed exposure to at least one traumatic event on the LEC-5 and a sum score of PTSD symptoms ranging from 1-32 on the PCL-5. The HC group included individuals who reported either (a) no exposure to a traumatic life event on the LEC-5 or (b) exposure to one traumatic event on the LEC-5, but with an asymptomatic presentation, defined as a sum score of 0 on the PCL-5. Two participants endorsed exposure to a single traumatic event -for one participant a serious accident at work and for the other participant assault with a weapon. Both of these participants endorsed zero PTSD symptoms on the PCL-5. Behavioural analyses were run with and without these participants in the HC group and showed no statistically meaningful differences. For this reason, both participants were included in the HC group. Groups were also matched on age, race, sex, ethnicity, occupation, and education level.
Measures

Demographic characteristics
Age, race/ethnicity, education, and years of education were assessed with basic demographic questions. Participants self-identified their race and ethnicity and were categorized in the following way: White, Black or African American, Native American, Asian, or Other. Participants identified their ethnicity as Hispanic or non-Hispanic.
Trauma exposure
The LEC-5 assessed exposure to traumatic events as defined by the DSM-5 (American Psychiatric Association, 2013). The LEC-5 assessed for directly experiencing or witnessing traumatic events, including interpersonal violence, crime-related trauma, natural disaster, and serious illness (Weathers, Blake, et al., 2013) . Responses were dichotomized (yes/no) and summed to provide a total number of traumatic exposures for each participant. In addition, three categories of trauma exposure were created based off of the endorsement of LEC items: accidental traumas (e.g. natural disaster, fire/explosion, transportation accident, serious accident at work or home, and exposure to a toxic substance), intentional traumas (e.g. physical assault, sexual assault, other unwanted sexual experience, combat, and captivity), and other traumas (e.g. life threatening illness or injury, severe human suffering, sudden violent death, sudden accidental death, serious injury or harm you caused to someone else, and any other stressful experience). Previous research has found the LEC-5 to have high inter-rater agreement with a Cohen's κ =.61 among a sample of college students (Gray, Litz, Hsu, & Lombardo, 2004) .
PTSD symptoms
Posttraumatic stress symptoms were measured by the PCL-5, a 20-item self-report symptom measure (Weathers, Litz, et al., 2013) . Participants were asked to think of their most stressful event and then respond to the frequency with which they experienced a list of PTSD symptoms within the past month. Likert responses ranged from 0 = Not at All to 4 = Extremely. Sum scores (range: 0-80) were used to assess overall degree of PTSD severity. The internal consistency of the PCL-5 was high, Cronbach's α = 0.96.
Internalizing symptoms
Given the overlap in depression and anxiety symptoms with PTSD symptoms, internalizing symptoms were included as covariates in order to account for any variance in models that were not attributed to solely PTSD symptoms. Two measures were used to assess psychological distress and anxiety symptoms. Psychological distress was assessed by the 53-item Brief Symptom Inventory (BSI; Derogatis, 2001) . Participants were required to endorse how frequently they were distressed by items, such as 'feeling blue'. Responses ranged from 0-4. Sum scores created the Global Severity Index (range 0-212) where higher scores indicated greater psychological distress. The internal consistency for the BSI was high, Cronbach's α = 0.98. The State-Trait Anxiety Inventory for Adults (STAI; Spielberger, 1983 ) was used to assess in the moment and trait-level anxiety symptoms. Responses ranged from 1-4; summed scores range from 20-80 for each respective subscale. The internal consistency for the state scale and trait scale were high, Cronbach's α = 0.97 and Cronbach's α = 0.93, respectively.
Experimental procedure
Facial stimuli were taken from Todorov and colleagues (Oosterhof & Todorov, 2009; Todorov, Baron, & Oosterhof, 2008 ; http://tlab.princeton.edu/databases/ trustworthinessfaces/), matching the stimuli used in Fertuck et al. (2016) . Trustworthy facial stimuli consisted of four Caucasian, computerized, male, blackand-white facial avatars. Trustworthy faces were parametrically morphed within respective face identities into variations of emotional intensity. For the purposes of this study, three morphs were chosen: 0% (untrustworthy), 50% (neutral), and 100% (trustworthy). All facial stimuli were presented in grey scale and the periphery of faces was blurred in order to occlude non-facial features (Figure 1 ). It should be noted that the facial stimuli we used are limited, capturing one gender and racial group, thereby excluding the important interaction of different genders, races, and ethnicities in the appraisal of trustworthiness. While we used these stimuli in order to compare our findings with Fertuck et al. (2016) , future work, as mentioned in the discussion, should incorporate diverse facial stimuli mirroring participant demographics (cf. Liddell et al., 2019) . In this study, there were 15 practice trials followed by 96 actual trials. Facial stimuli were presented in the centre of the screen; participants were tasked with assessing facial trustworthiness via a keyboard response: 1 = very trustworthy, 2 = somewhat trustworthy, 3 = 50/50 (i.e. neutral), 4 = somewhat untrustworthy, and 5 = very untrustworthy. Trials were separated by an inter-trial interval of 800-1200 ms to prevent adaptation or anticipation of stimulus presentation. Participants were verbally instructed to respond as quickly as they could to the face. The task was presented in Presentation (Neurobehavioral Systems, Berkeley, CA, USA) on a Dimension 5150 Dell desktop computer and was presented to participants on a 17-inch Dell Model P1130 RGB computer monitor with a refresh rate of 75 Hz. Participants were seated at approximately 60 cm from the monitor.
1.2.6. Psychophysiological recordings and processing EEG was recorded using a BioSemi Active-Two recording system in a high-density, 160-electrode montage to amplify spatial resolution of neural activity. Participants completed all computer tasks while undergoing EEG acquisition in a dimly lit, soundattenuated chamber. Blinks and other eye movements were monitored by electrooculogram (EOG) from two electrode montages, one on the infra-and supraorbital ridges of the right eye (VEOG), the other on the outer canthi of each eye (HEOG). Trials containing mastoid activity exceeding 100 μV were rejected. Data were preprocessed using the FieldTrip toolbox in MATLAB (Oostenveld, Fries, Maris, & Schoffelen, 2011) . Trials contaminated by blinks, eye movements, or other movement artefacts were defined as z-values on the VEOG, HEOG, and lowermost scalp channels exceeding 4.5 in a frequency band between 1 and 140 Hz; artefact trials were automatically removed using FieldTrip. Stimulus-locked waveforms (sweep time = 1000 ms), averaged separately for each morph (trustworthy, neutral, untrustworthy), were referenced to linked mastoids band-pass filtered between .1 and 30 Hz and corrected 200 ms pre-stimulus baseline.
Three ERPs related to facial stimuli processing and/ or PTSD were examined: (1) the N170 amplitude, defined as the largest negative amplitude between at 170-212 ms after stimulus onset, and the N170 latency, over nine sites corresponding with the fusiform face area: E30, E31, E32, E17, E18, E19, E14, E15, E16 (Batty & Taylor, 2003; Blau, Maurer, Tottenham, & McCandliss, 2007; Righart & de Gelder, 2008) ; (2) the Vertex Positive Potential (VPP), defined as the largest positive amplitude between 133-216 ms after stimulus onset over nine centrally located sites: C25, C24, D2, D3, D4, D15, C1, C27, D14 (MacNamara et al., 2013) ; (3) and the Negative Slow Wave (NSW), defined as the average amplitude 600-1000 ms after stimulus onset over nine frontal sites: D6, D7, D8, D9, D10, D11, D20, D21, D22 (Jessen & Grossmann, 2019; Tso et al., 2011) .
Data analysis
Behavioural analyses tested the equivalence of groups on demographic (e.g. age, race, gender, and years of education) and clinical variables (e.g. psychological distress, trait anxiety, and state anxiety) with chisquare tests for categorical variables and Tukey's Honestly Significant Difference test for continuous variables. Reaction times that were ± 3 SDs above or below the group's specific mean were classified as outliers and removed from analyses; 151 observations were removed. Reaction time was not normally distributed (Shapiro-Wilk test: p < .05) and was transformed into a natural logarithmic (log e or ln) scale. Ratings showed a normal distribution.
Two multilevel mixed effect linear regressions were completed on both outcome variables of interest: log e and ratings. A multilevel mixed effect linear regression was chosen in order to account for the hierarchical nature of the data where trials were nested into participants who were nested into groups. In addition, due to the removal of reaction times and ratings that were outliers, there were unequal numbers of trial observations across participants. A multilevel mixed effect linear regression was able to account for such variability in the number of trials across participants. Models nested trials (i.e. time) into participants, the random effect. An iteration of models was run from the unconditional model with solely the outcome variable, thereby depicting the overall variance of the model, to final models that included fixed effect predictors of group (HPTS, LPTS, HC), morph (0%, 50%, 100%), the interaction of group by morph, in addition to trial as a random Figure 1 . Facial trustworthy morphs. Morphs from the left to right are: trustworthy (100% trustworthy), neutral morph (50% trustworthy, 50% untrustworthy), and the untrustworthy morph (0% trustworthy) morph (Oosterhof & Todorov, 2009; Todorov et al., 2008). slope to account for within-task performance variability. Analyses were completed with and without covariates (e.g. gender, race, ethnicity, distress, state anxiety, and trait anxiety). Final reported models excluded covariates due to an absence of change in findings when covariates were included in the model. Moreover, to maximize statistical parsimony, we reported models with less predictors.
A series of model diagnostics were performed, including deviance, log likelihood, Akaike information criteria (AIC), Bayesian information criteria (BIC), and the likelihood ratio test. Models were fit with maximum likelihood estimation and an independent covariance structure. The reference group for both models was HCs and the neutral level of the morph. Recoded models had the trustworthy morph and LPTS group as the referent group. Analyses were completed in Stata IC 15.0 (StataCorp LLC, 2017), where fixed effects are presented as standardized regression coefficients (β) for each factor of groups, morphs, and group by morph interactions. Additional analyses were completed to assess joint effects for the main effects and the interaction, pairwise comparisons at each level of morph and group, and partial interactions. These analyses are reported as X 2 . Time-locked ERP data were assessed by mixed model analyses of variance (ANOVAs) on respective amplitudes and latencies using Statistica® software.
Group was included as a between-subjects factor and morph as within-subject factors. To guard against violations of the sphericity assumption with repeated-measures data, all main effects and interactions reported as significant were reliable after Greenhouse-Geisser correction (Greenhouse & Geisser, 1959) . Table 1 presents the demographic and clinical variables of interest for study participants by group. There were no significant group differences in demographic variables, although the difference between the three groups in racial composition was approaching significance traumas, the HC showed no endorsement (M = 0, SD = 0) in comparison to the LPTS (M = . 
Results
Demographic and clinical characteristics
Behavioural results
Reaction time
The first set of multilevel models tested for differences in the outcome of natural logarithmic (ln) reaction time (Table 2) . Likelihood tests demonstrated that model 2 fit the data better than model 1, X 2 (1) = 201.98, p < .0001. Model 3 did not fit the data better than model 2, X 2 (2) = 2.59, p = 0.27, but model 4 fit the data better than model 3, X 2 (6) = 34.06, p < .0001. Model 4 was also superior to model 2, X 2 (8) = 36.65, p < .0001 and had the lowest AIC.
Model 4 (column 5) showed a significant fixed effect for morph,X 2 (2) = 10.49, p = 0.005 and group x morph interaction, X 2 (4) = 27.27, p < 0.001. There was no significant main effect for group, X 2 (2) = 2.61, p = 0.27. Reaction times significantly differed for the trustworthy morph Table 3 presents the multilevel mixed linear model for participants' ratings of trustworthy facial stimuli. Note: Reference group is healthy controls. Reference group for morphs is the neutral morph. Recoded models for reference groups are reported in text. HC = healthy controls, LPTS = low posttraumatic stress symptoms, HPTS = high posttraumatic stress symptoms, ICC = intraclass correlation coefficient, AIC = Akaike information criterion, BIC = Bayesian information criterion. Significance values are: * p < .05. ** p < .01. *** p < .001.
Ratings
untrustworthy than HCs (β = 0.20, SE = .07, 95% CI [0.06, 0.33], z = 2.88, p = .004) but not the LPTS group. There was no significant main effect for group, X 2 (2) = 0.62, p = 0.73.
Event-related potentials
N170
There was no main effect of group at the N170 amplitude, F (2,132) = .11, p = ns, MS e = 32.55, Cohen's f= .008, but there was a significant group by morph interaction at the N170 latency, F (4,132) = 3.23, p = .01, MS e = .0004, Cohen's f= .20. Post-hoc tests revealed that the HC group showed a significantly later N170 latency (186.66 AE 2.71 ms) than the LPTS (179.78 AE 1.56 ms, p = .01) and HPTS (177.89 AE 1.56 ms, p = .006) groups in response to the untrustworthy morph.
Vertex positive potential (VPP)
There was a significant group x morph interaction at the VPP, F (4,132) = 2.41, p= .05, MS e = 64.09, Cohen's f = .71 (Figure 4 ). Post-hoc tests revealed a significant difference for the neutral morph: the LPTS group (1.03 AE 1.24 µV) showed a smaller amplitude than the HPTS group (2.68 AE 0.99 µV, p = .04). In addition, to assess brain-behaviour relationships, correlations between task averages were calculated. There was a negative association between behavioural reaction time and the amplitude at the VPP, r (8) = −0.54.
Negative slow wave (NSW)
There was a significant main effect of morph for the NSW, 
Discussion
This study used a SCAN-based translational design in order to understand the behavioural and neural correlates of the social cognitive appraisal of trustworthiness among trauma-exposed individuals with dimensional PTSD symptoms. Contrary to our hypotheses, individuals with high posttraumatic stress symptoms rated untrustworthy faces as more untrustworthy than healthy controls. In addition, individuals with higher PTSD symptoms responded to all faces in the same amount of time whereas healthy controls and individuals with lower PTSD symptoms showed variability in their reaction times. Analysis of ERP data suggested that individuals with both high and low posttraumatic stress symptoms recognized the untrustworthy face faster than the healthy control group, but differed in how they encoded different faces. Specifically, individuals with higher PTSD symptoms appeared to encode the neutral face more than individuals with lower levels of traumatic stress symptoms. Together, these results suggest that subjective trust among individuals with higher levels of posttraumatic stress symptoms consists of an early detection of untrustworthy faces, but a subsequent poor encoding of the extreme faces (e.g. untrustworthy and trustworthy). This could be characterized as an early hypervigilance followed by an attentional avoidance during early preconscious processing of faces for individuals with high levels of posttraumatic stress symptoms. The first aim of this study was to assess group differences in the appraisal and reaction time to faces on dimensions of trustworthiness. We found differences in the appraisal of untrustworthy faces, where individuals with higher PTSD symptoms perceived untrustworthy faces as more untrustworthy than healthy controls. In addition, we found differences in reaction time; individuals with higher PTSD symptoms responded in the same amount of time to all faces whereas healthy controls and individuals with lower PTSD symptoms showed longer response times that varied depending on the face presented. Comparatively, Fertuck et al. (2016) found no group differences in reaction time and found that individuals with PTSD to rate faces as more trustworthy than healthy controls with trauma exposure. The divergence between our study's findings and Fertuck et al.'s (2016) can be interpreted in a few ways. First, Fertuck et al. (2016) used a sample that met full criteria for PTSD (i.e. through a clinician administered assessment) and compared them with trauma-exposed healthy controls. Although individuals in our study with high PTSD symptoms met the cut-off criteria on the PCL-5 for PTSD (Weathers, Litz, et al., 2013) , they were not diagnosed with full or subthreshold PTSD by clinicians, and thus may be characteristic of a less severe PTSD group. If this were true, then our findings could suggest a progression within PTSD where individuals with high levels of posttraumatic stress symptoms, but not necessarily PTSD, show an untrustworthy bias (i.e. perceiving untrustworthy faces as more untrustworthy), followed by individuals with PTSD rating all faces as more trustworthy. Alternatively, both of these studies could highlight how individuals with high posttraumatic stress symptoms or PTSD exhibit an overall poor appraisal of trustworthy faces with the likelihood to exhibit bias in either direction. The tendency to show bias in either direction is characteristic of classic approach and avoidance responses widely documented in experimental tasks with threatening facial stimuli (Cisler & Koster, 2010; Clausen et al., 2016; Fani, BradleyDavino, Ressler, & McClure-Tone, 2011; Hayes, VanElzakker, & Shin, 2012; Pine et al., 2005; Pollak & Kistler, 2002; Pollak & Tolley-Schell, 2003) , where deficits in appraising threat yield overly approaching or avoidant behaviours. In our sample, given that individuals with higher PTSD symptoms took the same amount of time to rate all morphs and were faster than the other two groups, the higher PTSD group may show an overall avoidance or conversely, a hypervigilance that leads them to respond quickly to faces on the computer screen. In comparison, Fertuck et al. (2016) may have captured a PTSD sample that exhibited approach behaviour, indicated by higher trustworthiness appraisals. The second aim of this study was to examine early, middle, and late neural components associated with the appraisal of trustworthy faces in order to characterize subjective trust. The earliest temporal component, the N170, is face-specific ERP associated with early nonconscious recognition of faces in the external environment. Contrary to our hypotheses and literature using happy, angry, trustworthy, and untrustworthy facial stimuli (Chu et al., 2016; Dzhelyova et al., 2012) , we found no differences in the N170 amplitude, but we did find differences in the latency of the N170, suggesting differences in the moment in time when faces were recognized by participants (D'Hondt et al., 2017; Zhao, Meng, An, & Wang, 2019; Zheng et al., 2016) . Both trauma-exposed groups recognized the untrustworthy face faster than healthy controls, plausibly highlighting a hypervigilance for untrustworthy faces. However, both trauma-exposed groups differed in the degree to which they encoded facial morphs at the VPP. Individuals with higher levels of traumatic stress symptoms and healthy controls showed larger VPP amplitudes to the neutral face than individuals with lower levels of traumatic stress symptoms. Larger VPP amplitudes have been associated with superior encoding and attention to structural differences in facial features (Klimova et al., 2013; MacNamara et al., 2013; Wheatley, Weinberg, Looser, Moran, & Hajcak, 2011) . Thus, healthy controls and individuals with high PTSD symptoms appear to have encoded the neutral face more than the trustworthy and untrustworthy faces. In contrast, individuals with lower levels of traumatic stress symptoms appear to have encoded the trustworthy and untrustworthy faces more than the neutral face. Taken together with behavioural results, these data may suggest that individuals with lower levels of posttraumatic stress symptoms may engage in compensatory nonconscious strategies when appraising trustworthy faces. They appear to spend more time looking at neutral morphs and then, perhaps through realizing these faces are ambiguous, encode these structural facial features less. In contrast, participants with higher PTSD symptoms mimic healthy controls, encoding the neutral face more and the trustworthy and untrustworthy faces less, a finding corresponding to other studies (Klimova et al., 2013; MacNamara et al., 2013) .
Lastly, one unexpected finding in this study that should be mentioned was the rating of neutral faces as more trustworthy than the trustworthy faces across all three groups. Although Todorov et al. (2008) normed the facial stimuli used in this study on a small sample of undergraduates at Princeton University, the differences between our sample and theirs may have led to differences in the appraisal of these faces. Our sample consists of a highly diverse group, both racially (68.6% Non-White) and socioeconomically (55.7% earning less than $25,000/year) residing in an urban area. In comparison, although limited demographic information is provided in Todorov et al.'s (2008) study, we speculate whether these undergraduates were predominantly Caucasian and affluent. Participants in the present study may have perceived normed, neutral male, Caucasian faces as more trustworthy than normed trustworthy faces with more emotional expression. The interaction of perceiver (i.e. participant) and presented facial stimulus is an important limitation to this work, and arguably, many experimental laboratory tasks. Future work should consider diverse facial stimuli, varying on dimensions of age, race, and gender.
Limitations
Several limitations should be noted when interpreting the findings of this study. First, our data are crosssectional, limiting our ability to test for causal mechanisms underlying these processes. Our results may be correlated with the symptom profiles of each group, a preceding risk factor, or a consequence of trauma exposure and traumatic stress symptoms. Moreover, we examined trustworthiness as an early appraisal process, not looking at the downstream effects this appraisal may have on cognition and behaviour. Although this was our aim, the dynamic process of trustworthy appraisals, learning, and their consequence on behaviour is not captured in our design. We also refrained from interpreting the correlations between task averages and ERP amplitudes given the exploratory nature of this study. Additional research could compare their findings with this study's to facilitate in interpretation. Future research would also benefit from including a memory task to corroborate the inferences we have made from ERP results. As aforementioned, the faces in this study were not diverse or representative of the population; a diverse set of facial stimuli could highlight unique interactions with the racial, ethnic, and sex breakdown of our participants. Future studies should utilize other stimuli (cf. Liddell et al., 2019) that may then reveal the interactions between the demographics of the participant and demographics of the facial stimulus. Furthermore, this study did not assess whether type of trauma exposure may have influenced the results. Future work could distinguish whether certain types of trauma exposure may show differences in trustworthiness appraisals and additionally, whether behavioural and neural results show particular associations with PTSD clusters or symptom severity.
Implications & conclusion
This is the first study to our knowledge to capture the neural mechanisms underlying subjective trust among a sample of individuals with trauma and PTSD. Our findings have important clinical implications. First, individuals with high PTSD symptoms seem to have demonstrated an early attentional avoidance when appraising trustworthy faces, which may have led them to rate untrustworthy faces as more untrustworthy in comparison to healthy controls. These miscalculations are most likely exacerbated by the high posttraumatic stress symptom group's poor preconscious encoding of trustworthy and untrustworthy faces, despite their hypervigilant detection of untrustworthy faces when they first appeared on the computer screen. Comparatively, the low posttraumatic stress symptom group showed possible compensatory responses which may be associated with the prevention of future PTSD development. Although they quickly detected untrustworthy faces akin to the high PTSD group, ERP findings suggested continued encoding of these faces. This could suggest that individuals with lower levels of PTSD symptoms appraise trustworthy and untrustworthy faces more accurately by spending more time looking and subsequently encoding more salient social signals (i.e. (un)trustworthy faces) relative to less salient signals (i.e. neutral faces). The healthy controls, in comparison, appear to have taken a moderate amount of time to respond to faces and encoded faces to a lesser degree than individuals with lower PTSD symptoms. It is plausible that healthy controls may not need to attenuate attentional processes due to a lack of trauma exposure. Indeed, the similar neural results among the high PTSD group and the healthy control group may suggest that the high PTSD group has not 'learned' how to modify attentional encoding of faces to compensate for trauma exposure and high traumatic stress symptoms.
Clinically, this study suggests that individuals with PTSD have difficulties in early preconscious appraisals which could contribute to problems in social functioning. This may explain why an individual with PTSD may re-enter abusive relationships, isolate from others, or experience difficulty in social relationship formation. Clinicians may also notice the employment of attentional and behavioural avoidance strategies to regulate affect when seeing other trustworthy or untrustworthy faces.
In conclusion, PTSD has been traditionally modelled as a disorder stemming from disruption in fear learning and threat reactivity (Liddell et al., 2019) despite considerable debate on the limitation of such models given the heterogeneity in PTSD presentations (Suvak & Barrett, 2011) . This study provides preliminary evidence for additional conceptualizations of PTSD as a disorder with disruptions in the social cognition, namely in the appraisal of trustworthiness at the behavioural, attentional, and neural level. Deficits in the appraisal of trustworthy faces could translate to difficulties in assessing the trustworthiness of individuals in real life, potentially thwarting the ability to affiliate with meaningful social bonds facilitating recovery.
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